
C1^- Keloiia 

EW-Nl -04104 
JSC-17144 


AgRlSTARS 


Made sraBaiiie untfer NflSA mnumiM 

" mter«, 5, e,,., ,,y_, 

of Eart.1 Sesouras Sun,™ 
for 


A Joint Program for 
Agriculture and 
Resources Inventory 
Surveys Through 
Aerospace 
Remote Sensing 


f Early Warning and Crop 
i Condition Assessment 


UTILIZATION OF METEOROLOGICAL SATELLITE IMAGERY 
FOR WORLD-WIDE ENVIRONMENTAL MONITORING THE 
LOWER MISSISSIPPI RIVER FLOOD OF 1979-CASE 1 i 


Michael R. Helfert, Dee 6. McCrary 
and Thomas I. Gray 


U.S. Department of Commerce 
1050 Bay Area Blvd. 

Houston, Texas 77058 


Lyndon B. Johnson Space Center 

Houston, Texas 77058 



UTILIZATION OF METEOROLOGICAL SATELLITE IMAGERY 
FOR WORLD-WIDE ENVIRONMENTAL MONITORING 
THE LOWER MISSISSIPPI RIVER FLOOD OF 1 979 - CASE 1 


PRINCIPAL INVESTIGATORS 

Michael R. Helfert, Dee G. McCrary, 
and Thomas I. Gray 


APPROVED BY 





G.O. Boatwright, Manager 
Early Waming/Crop Condition Assessment Project 
AgRISTARS Program 


Earth Observations Division 
Space and Life Sciences Directorate 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


May 1981 



PRECEDING PAGE BLANK NOT FILMED 


CONTENTS 

Section Page 

UTILIZATION OF METEOROLOGICAL SATELLITE IMAGERY 
FOR WORLD-WIDE ENVIRONMENTAL MONITORING THE 
LOWER MISSISSIPPI RIVER FLOOD OF 1979 - CASE 1 

I. CURRENT REMOTE SENSING PLATFORMS 1 

II. SELECTION OF THE 1979 LOWER MISSISSIPPI VALLEY FLOODS . 2 

III. REGIONAL GROUND DATA CONCERNING THE FLOOD ....... 5 

IV. DISCUSSION OF NOAA IMAGERY . 12 

V. CONCLUSIONS OF STUDY PURPOSE 24 

References and Notes . 25 


i i i 



ORIGINAL PAGE IS 
OF POOR QUALITY 


UTTLIZ/'TTCM CF METFCF.CLCXIICIAL SATELLITE IFA<lERy 
FOR i'ORLD-A-TDE EK'A/'TRCM-'^Er'JTAL f‘'‘OWTTORT^--G; 

ITIE LQ-ER MIFSIGSIPPI RIVER FLOOD OF ]?7? 


A need by [-olicy ?ncl c’ecision-inckers for real-time or near real-time ’ 
monitoring of the evolution of major natural environmental disruptions 
exists. V;ith the growing realization of the need for Vvorldwide 
information, a data collection technique must be identifieci and refined 
that will permit timely, repetitive enviroamental monitoring wiiilte 
bypassing issues of access restriction. 

Such environmental, monitoring has teen proposed previously as a mission of 
the Landsst family^, the proposed Landsat-D family'^, and of future 
families of active Sf=nsors such as the Shuttle Imaging Radar and its 
potential evolutions"'. 

Two of the current U.S. satellite families have tlie capabilities of 
mul ti- temporal , "good" spatial, and multi-band image acquisition to allow 
timely world-v;ide disaster monitoring. The older, better-known family is 
the experimental NASA Landsat series. This series has been pro^sed as a 

candidate for an operational systeiii . The second satellite series is the 

NESS operational ^xilar-orbiting environmental satellites (NGAA-n series) . 
'Il-ic characteristics of the two satellite series' orbital parameters, 
onboard sensors, ground processing and data distribution systems, and 

operational user requirements indicate that integrated utilization of 

imagery from both satellite series is feasible in a complementary mode. 

As an interim and a supplement, we vx>uld like to propose utilization of 
imagery from the NCAA-n meteorological satellite series to monitor 
worldwide envirordnental disruptions. Previous applications of 
meteorological satellite families (ESSA, SMS/GDES, ITO?, TIROS, snd^NOAA) 
have been focussed primarily in the realm of atmospheric monitoring . 

As a test case of environmental disaster monitoring utilizing \’OAA-n 
imagery, we have selected the 1979 Lower Mississippi River flood. An 
earlier, anall-scale study of the St. Louis, Misspuri, area comparing 
EP.TS-1 (Landsat) and NOAA-2 imagery has been done"’. Similar flood studies 
have }:een done using only Landsat imagery for mapping the Red [Uver of the 
North ' and Nimbus-5 imagery for East Australia . 
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T. CURF’iEMT PRVOTE SE-VJ-IMG PLYIFCRi'. : 

ADViB'MTAGEF; ^^’D DTGADVAyTAGES FOR B':VIRCW''Ef«2TAL ■^'’OMI'l’CRIAG 


Witiiin the various operational and research satellite fartvilies, tvvo 
systems exist v/ith charscteristics v.'hich nearly satisfy the previously 
inentioneO criteria. Itiese are tine o^jerational ls'OAA~n series (tiie 
follow-on to the TIRCS-N research satellite) and the .proposed operational 
system. Both arc designed to remotely-sense the earth from near-polar 
sun-synchronous orbits, to have nearly equal orbital periods, to make 
blind broadcasts of their multi-channel, imaged data, and to record data of 
distant scenes for later readouts. Each system' is expected to relay its 
distant data acquisitions via .geostationary repeater satellites later in 
tiiis decade. However, each satellite has been designed for different 
objectives: the NCAA' series for daily total global coverage of atniosphsric 
states (both day and night);. and the Landsat series for detailed coverage 
of cloud free areas. The sensor designs produce resolutions at nadir near 
h.95 sq. kin. for the NOAA series and about .DF9 sq. km. for the Landsat 
series. 

The ,V0AA-n system provides the better temporal data acquisition by viewing 
any given target every clear day. On the other hand, Landsat imagery 
provides tenfold better linear resolution, but revisits a particular 
target area only at IG day inten/als. This long temporal interval in 
Landsat imagery pennits consecutive acquisitions only if clear sky 
conditions are also in step - an irregular occurrence. 


The MOAA-n series, an operational remote sensing system underutilized by 
the non-meteorological connunity, are designed to maintain two satellites 
in orbit during at least the period J,979-ig89. &>ch satellite will have a 
life expectancy of two to four years'^. 

Tlie M0.^7--n Sc^tellites, like their Defense A'^eteorological Satellite Progtan 
(DMSP) '' cousins, are in a near polar orbit at an altitude of approximately 
5?.P miles. Each satellite makes about 1^.2 orbits per day and provides 
coverage of the entire globe twice per day, once in daylight and once 
durirrj night. The tv,n operational satellite orbits are separated by about 
?(■' of longitude. The resolution of the MOAA-n A'/HF:R is 1.1 kilaneter at 
nadir with four or five channel sensor coverage. Channels 1 and 2 are 
sensitive to frequencies similar to those of the current Lancisats. Sensor 
data are recorded on board the MOAA-n satellite in two formats - 
local-area coverage (LAC) and global-area coverage (GAC) . The CAC data 
arc readily available for each camplete orbit, but the LAC data, being 
very volunninous, are restricted to a maximim of a Jd-rainute recording per 
orbit. The GAC viate are a quasi-summary of the LAC data. GAC is the 
total of four contiguous pixels, skipping the next one, then the total of 
the next four, etc., for the entire scanline. The next tvo scanlines are 
skipped. GAC data are archived in a digital fonn and are available from 
Kational Climatic Center's Satellite Data Services Division (SKD) . The 
LAC data must be preschec’uled on a priority basis, and thus is available 
frc«n SDGD only if it was initially acquired. 
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The 1 km resolution c:?itc! £ro;n the is availr-ble in tv.o different 

forrr.s. First, the High Resolution Picture Tranatiission (liRP'D c’cta is 
transinittec on a continuous blind brofidenst end is eveileble \vorldwido. 
Reception is limitcx:' to line-of-sicjht between the receiver end the 
sritellitK. 'Hie otlier fora is the U\C datp.. L?C is recorcf'd on e 
preselected schet'iul^ and is transmitted! to one of three ground controi 
stations on corrimond . 


Pul ti-spectral scanner (PFS) data can be acquired from the Landsat within 
a near-real time freme;, iiowever, two factors exist which reduce tfic; • 
effectiveness of PSS d'ata: 

1. E<cessive cloudiness over tlie desired target at time of 
acquisition; and 

2. system design Vvhich limits acquisition of the target to once 
every iQ days per satellite. 

The tv/O satellite systems, Landsat and wOM-n, have some canii'.on sensor 
frequencies which make it possible to canpare sepsor frequency 
combinations usirq the Gray-f*!cCrary Index 

. Table 1 compares the frequencies of each satellite system; 


T7'BLE 1 


M07A Al/HRR L^^^!CS7T 

Channel Span of Channel Span of 

Po. teve Mo. ''nve 

Length • Length 


^ BCn-'ld'* nin 

1 55n-Ca?’ nm 5 nm 

C 7^r-7pr nm 

2 7r-f'-lir'l nm 7 BFC’-ll^'n nm 


A single receiving station on the globe is usually able to acquire tv;o 
consecutive passes of the information from a NOAA-n satellite during the 
daytime liours and again for nighttime hours. The nighttime data is 
limited to the high number channels only. 'Hie nunber of daily 
acquisitions increases from one or two at the equator to 14 at the pole. 
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The L^nc'-spt dv=ta is available to a receiving station in geographic 
coverage similar to that of NOAA-^n. However, the L-^ncsat image areal 
coveraxjG is much less than for the WGM-n because of tiie more narrov. 
Instantaneous Field of View (IFOV) . The chief advantage of thiO Landsat 
series has been high-resolution, multi-spsctral imagery sufficient for 
fairly precise mapping of differentials of surface reflectance. Previous 
higlt-quality Landsat imagory mapping ha;S included bathymetric studies, 
urban, and rural, land-use discrimination, geologic mapping, coasta] zone, 
characteristic definitiorji^ ^jollution, studies, hydrologic and ice-mapping, 
and agricultural studies" . 


Problems with the current Landsat system vis-a^vis user requirements liave 
begun to arise vvith the electronic degradation of both the space-bornc: 
sensors and the ground^- processing system. Ibis degradation v/ith age is 
only to be expected when it is realized that Landsat-2 and 3 were launched 
in 1975 and 197R with expected satellite lifetimes of one year, 'fiie 
present Landsat ground- processing system is a custom-designed, canposite, 
experimental system that has borne up well although subjected to heavy 
operational use requirements. 

E'or some user requirements, Landsat J^SS target acquisition repeatability 
every 9 cays (2 satellite system) /IS days (1 satellite system) is now' 
marginal. Tins repeatabil ity bc-:canes critical v/hen cloud cover over h 
desired target prevents an acquisition. This nov/ results in a minimum 
IP-day /iS5 image repeatability. Ibese temporal gaps are particularly- 
frustrating to time-dependent sgricultural , vegetation, hydrologic, and 
ice-cover monitoring studies. Although cloudiness affects target 
acquisitions for both Landsat and the MOAA-n systems, the wider IFOV of 
the NOM-n designed for total global coverage usually provides useful 
agriculture target coverages as often as four to eight times in an 
eighteen day period. 

The launch of the L-nndsat-D family (currently scheduled for the summer of 
19P2) will provide continuity for the landsat MSR image archive. Such 
continuity assuaes that the i^SR aboard current Landsats remains 
op-;erational until that time. As of this writing, Landsat-D will carry 
both a fnur-band Msg and seven-band I'-SS (Thematic P’apper) . Vbriajp of a 
nevv ground processing system rated for operational use also is underway at 
this time. The Landsat-D family satellites will be Shuttle-recoverable , 
allow-ing refurbisliment of onboard expendables and maintena.nce/updating of 
onboard sensors and electronics. Tne Landsat-D system, as currently 
funded, wall consist of two satellites in orbit. This will allow 8-day 
(17-day single satellite repeatability) image acquisition cycles. The 
potential problems of cloud cover interfering 'with this repeatability 
remain. The cloud cover problem must await the arrival of "smart " 
til table sensors and active microwave systems such as the proposed 
Landsat-H, GEOSAT, FA PRAT, etc., systems. / 
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II. SKLECTIGM CF 'ITiE .1979 LOWER '''U0ET0.9TPFT Vi^LLEY FLOODS 

In rip pfctcinpt to fill tho teiai-or^] gr^ps of Lrncsat iinag&ry cycles, v;e l-.ave 
investigatfed the ['.ossibility of using the NO/'?.-n environmental satellite 
fnnily imagery for timely, repeatable acquisition of data for assessing 
vi-xjetative hc-c-lth using the Cray-MoCrary Index (C'^I) , and now, for 
disaster assessment. 

for our first disaster assessment study, '.ve have selected th.e floods along 
the Lower ivississippi River and its tributaries during tho late spring of 
1979. Reasons for this selection were easy geographic access for groirid 
truth, availability of high-quality surface meteorological and hydrologic 
data, availability of aircraft strip photography, and tho assuimption 

of Landsat imagery availability. 

Tl'V" last assumption proved unfounded. No acceptable Landsat FSP imagery 
for the target area exists for the flood crest period of 15 April-?1 ^■■ay 
1979. This is due to intermittent cloud cover coinciding with Landsat 
passes over the region. As a result, Landsat imagery from the 197£ fldoc^s 
in the same region \'cre used for imagery comparison purposes. Table 2 
illustrated the problem of La-ndsat imagery continuity in this case. 

As a corrip-arison to the Landsat regional imagery acquisition history curing 
the hpril-Eay 1979 period, an inconp'lete inventory of VGAA-n imagery 
available from 27 .April th.rougt! 15 May for rc-giona^l flood assessment is 
presented in Table 3. 

Tae TIRC.G-M (MOAA-n) image of the Lower Mississippi Vall-ey on 9 M.ay 1979 
(orbit ?^97) was selected for detailed analysis (see Figure 1) . Mid-point 
on t!-;e image is a north, -.south line from approximately Brownsville, Texas, 
to vVichita, Kansas. Mid-point on the image Is pixel 122^?. Tho imago is 
2('^C> pix(.'ls Vvidie (east-west) . The target area of .Mfirtii Louisiana and 
South Arkansas runs from pixel 391 to pixel ^f’7. Despite this bias of the 
study area tovaards the eastern edge of the image, few problems \;ith 
geanetric distortion were encountered. 
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17BLE 2 

LATE 'JPRrs^G 1S'7P RFCTC:^^''L L'WDS/'-T 


ACruiHTTION ACCnTEITICN CLOUD CCVF:R 

DATE FA.TM-ROW AVAILABLE (!.) 


.April 5 

25-37 

MA" 

— 

April 5 

25-3 n 

NTv 

•> 

April d 

25-37 

L-3 

IP" 

Apr il 14 

25-3"^ 

L-2 

f'"’ 

April 14 

25-3? 

L-2 

rf-J 

ir 

■5 

April 15 

25-37 

L-2 

IP' 

April 23 

25-37 

NA 

— 

April 23 

25-38 

NA 

— 

April 23 

25-37 

m 

— 

;v!py 2 

25-37 

MA 

— 

Nay 2 

25-3? 

L-2 

9? 

:visy ? , 

25-37 

M?v 

— 

Nay 11 

25-37 

L-3 

sn 

Nay 11 

25-3? 

L-3 

58 

Nay 12 

25-37 

L-3 

or 

Nay 2C 

25-37 

L-2 

58 

Nay 2C 

25-3? 

L-2 

7P 

Nay 21 

2^-37 

L-2 

55 

Nay 25 

25-37 

NA 

— 

Nay 25 

25-3? 

MA 

— 

Nay 3C 

25-37 

L-3 

5P 


■'From U.S. Department of Interior Landsat archive at ERGS 
Data Center, Sioux Falls, SD. 

2 . 

'Neither satellite rtendsat-2 or -3) turned on due to cloud 
cover forecasts. 

' * 

"Flooding and flood crests tjad not arrivecr in area during 
this period. . 
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TABLE ? 


' 

L-XTR SPRIMG ]979 
ACOUISITIOM 
C.ATE 

REGIGMAL \'OAA\- 
CHAMMELS 

•n TMAGERy REVIEaED^ 
CLOUD v^OVER 
{?;) 

ORBIT 

April 27 

1-^ 

rs 


April 28 

1-4 

20 

2777 

April 29 

1-4 

80 


April 30 

1-4 

50 

2r’-0'' 

Ap*-il 31 

1-4 

80 

2812 

Kiay 1 

1-4 

20 

2819 

May 1 

1-4 

100 

2820 

May 5 

1-4 

40 

287'^ 

May - 

1-4 


2390 

May ^ 

1-4 

10 

2897 

May 7 

1-4 

O 

2904 

May 8 

1-4 

in 

2925 

May 14 

1-4 

n 

3003 

May 15 

1-4 

n 

3017 

May 15 

1-4 

n 

3024 

Frcfli Satellite Data Services Division 

(National Climatic 


Center) , Irorlc: ','eather 

Building, Washington, DC 
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FIGURE 1 
CAFTICV 


Full NOAA (TIROS-N) image used in this study. The coast of Texas is 
well-defined until the cloud area intercepts the coast over Galveston. 
The study area transects the col or/ shade difference across the 
Mississippi River. 
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TII. RETIIONAL GROUMH RATA CCN!CERMTVG THE FLOOD 


The 1079 floods in the Lower Wiississippi Valley watersheds rank v;ith the 
1973 and 1^27 floors as the greatest floods of the 2"th century in 
Louisiana^". Coniparisons with the 1927 flooc^ are not gemane for rernota 
sensing comparison. Direct canparison is quite difficult because of the 
lack of early imagery and because of man-modifications to the entire 
river system during the intervening half-century. On the other hand, 
surface data on flooding patterns in 1973 and 1979 were quite similar. 
Thus, v;e felt the regional flood pastterns imaged by Landsat in 1973 should 
be similar to those imaged by MOAA-n in 1979. 

Tetporological and hydrologic patterns during all three flood years v;ere 
similar - a wet autumn, heavy MuHAest winter snowpack averaging 1B-3R", 
quick spring thaw', and heavy rain in the lower reaches of the Mississippi 
watershed. 

In January 1979, a record snowpack v/as laid down in the Western and 
Southern Great Lakes states and watersheds. During February, tlie Great 
Plains averbged of normal precipitation totals. A rapid snovjv.elt 
throughout the Midwest began ll-l? March. Flooding along upper 
Mississippi River v^jutersheds began during mid and late terch. Those 
\v’etarway crests coalesced along the mainstream of the Mississippi River in 
late March and earl y~nnd April. 

Tile mainline Mississippi crests were increased and conpounded by 
continuous heavy rains throughout Louisiana, Arkansas, and Mississippi 
from December 1973 until mid-May 19^9. The runoff from these six-month 
regional rains (see Table 4) averaging 45 inches resulted in flooding 
along the courses of local watervvays, and backwater flooding at their 
confluence wdth the Mississippi River. 

Til e result of th.e heavy rain, saturated ground, rapid snovme] t of a deep 
snowpack, and the natural reservoir of backwater flooding behind main-line 
levees vvsre long, flat compound crests on area v;aterways. River stages 
during the period for representative regional Lower Mississippi River and 
the Ouachita River stations are simmarized in Table 5. 

ether v/aterways in flood between the Ouachita and Mississippi Rivers 
included the Eoouf and Tensas Rivers, Bayou Partholamew-, Bayou DeSiard, 
Bayou Macon, and Bayou LaFourche. Backwater flooding v;as extensive in 
area swamps and land normally under cultivation. Most of this standing 
water behind levees and bankful waterways had run out by the end of the 
first week of June. 
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TABLE ^ 


REPRESEMTATI^/E A-vtQI'iTH PRECIPITATION TCTaLS, 
ARK/\NSAE AMD LOUISIANA'^ . 


Precipitation (Inches) 


Location 
City/ State 

Dec 

1978 

Jan 

1S79 

Feb 

1979 

Mar 
1 9'7P 

Apr 

May 

1979 

TOTAL 

Dec-ivay 

Norm- 

Camden, AR 

-.82 

7.55 

5.57 

4.25 

If. 51 

7.57 

42.27 

28.37 

Crossett, AR 

, 5.32 

U.Al : 

?.14 

5.39 

15.88 

8.10 

52. IP 

30.75 

El Dor ado, AR 

9.31 

3.52 

5.42 

5. A? 

7.78 

5.97 

^3.50 

29.31 

Helena, AR 

IP. PI 

- ,8.78 

4.85 

5.34 

19.80 

13.95 

52.94 

29.29 

Little Rock 
A.R 

11.58 

4.P5 

5.87 

3.. in 

9.84 

22. /"-5 

45.55 

27.85 

, Monroe , LA 

in. 29 

12.72 

3.31 

5.34 

9.12 

5.55 

52.44 

, m j^c. 

Sheridan, AR 

If. If 

A. ^8 

5.9? 

3. 28 

9.75 

14. 2 r 

47.74 

no n/ 

St. Charles, 
AR 

9.55 

7.70 

'5.49 

5.12 

11.47 

13.50 

51.9? 

7 . 3 • 93 


Data taken from National. 'weather Service Climatological Data seriois 
for Arkansas anck Louisiana., and. Mdnti^ly /A-eather Sumnary series of tl it 
Climatic Research Center, ivtortheast Louisiana University, NOnroe, 
touisona. 
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TABLE 5 


REGIONAL MISSISSIPPI AMP OUACHITA RIVER STAGES, 
APRIL-i-lAY 1S7P 


Date 

Miss R. 

tit ^ 

Grc-enville’ 

MS 

.Miss n. 
at ^ 

Vicksburg ' 
MS 

Miss R. 

at ■ ^ 
NVi tcl)ez' 
MS 

Curdiita 

A 

C.=^rnren ' 
AR 

Cuad'iitn 

Monrop- 

?-R 

Apr i I 

/, 

-57.9 

42 

.A ^ 

A9.7 ^ 

25.-5 

35.5 

April 

9 

49.3 

43. 

4 

49.81 

1 

31.9; 

I 37.3; 

April 

IS 

52.8 

45 

.5 

51.9 

33. n 

4P.C 

April 

23 

53.2 

47 

*5 

54.5 

25.4, 

■5-2.1 

April 

V/. 

53.5 

4 7 

.7 

54.5 

31.4- 

44.2 

Mav 7 


51.1 

45 

.0 

53.4 

31.2 

-'4.5 


Flood 

stage 

• 

o: 

ft; 

crest 

Flood 

stage 

4 3.C 

ft; 

crest 

Flood 

stcgc 

4s.c: 

ft; 

crest 

FloocJ 

stags 

23.0 

rt 

major 

Flood 

stage; 

4f..C 

ft; 

crest 


54.1-5^.2 ft, 2S-2R April. 
47.9 ft, 2G-29 April. 

54. S ft, 27-29 April. • 
crest 73.2-34.5, 2^-29 April 
<;4.9 ft, 1(;-17 May. 
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IV. DISCUSSION OF NOAA IMAGERY 


accaptfible l^ndsat imcigery is rve liable for the regional pe~k flooding 
period of mid-April through mid-May 1579. Hovv^ver, a Lendsat imcge color 
canp>osite (Figure 2a.) for the 197'’ flooding along the Mississippi, 
Ouachita, and Red Rivers v, as acquired , 'Ihe pattern of the 1972 flooding 
as imaged by Landsat is similar to that knov/n from 1579 surface data. 

In the 1979 circumstance the major difference from the 1577 flood is that 
flooding along the course of the Red River wa.s not of great duration or 
extent. Hierefore,: it was decided to compare areal patterns of water 
cover returns primarily for the Ouachita and Mississippi drainage basins 
in North Louisiana end South Arkansas. The narrow purpose of the 
cofnpari-son v/as to establish whether flood mapping could be done 
effectively using NO&Aj-n imagery with ground data as a control. 

The MOAA-n image selected for detailed analysis is that of .May 1979. 
orbit 7B5>7. (Regional expansion of the entire acquisition (Figure 1) is 
Figure 2b.) . Thirteen scanlines on the image from Western Mississippi to 
Eastern Texas i^are selected for detailed analysis using the Gray-McCrary 
Index (G'H) . The G'-iI was developed origin.ally for analysis qf vegetation 
vigor as expressed by greenness (channel 2 minus channel 1)'^'^. The GMI 
also classes cloud and water returns. 

The GMI analyses of thie NO.\A-n image scanlines are presented as a 
composite, graph (Figure 3) . cne of us (.M.R.K.) ran the eastern half of 
the tt’.irteen scanlines on the ground during the flood periods of 1975, 
1977 , and 1979, to evaluate flooding extent and duration. In addition, 
the southernmost scanline and the Gran Kal area (confluences of Ouachita 
and Saline Rivers) vs?ere ground- photographed in February and iMarch 15-91. 
Tlisse last trips ware to determine tl»e cause of mixed and anomalous pixel 
returns in areas that are topographically low. A regional map is 
presented in Figure . The mid-scale NOAA.-n image for map comparison is 
Figure 5. 

Compvarison of ground data v;ith the thirteen May 5, .1979 NCA/'.-n scanline 
GMI's, the 1972 Landsat image, and regional topographic maps show; 

a. ready identification and crude classification by GMI value of 
land, water, and clo.ud"Covered regions; 

b. the potential for mapping and acreage estimates of each GMI 
class; 

c. and surprising geanetric constancy across the NCA.A-n image. 

Figure 3 is a composite, graph along scanlines of th^e GMl's. They are 
plotted for about one- fourth of a complete scan and are for the area from 
9TW to 9^.5'W as indicated along the abcissa of the graph. The- ordinate 
is the. G.MI value in deltas of four. 
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7t> 

G'.PTTOM 


t,“tx!srt: color coiiiosite stuc’y nre? 
nivr in ilrxy' is on ri.o right (first) 
*'*rf:or Fir'go on tiis v.cstrirn ccge of th 
stern thiir. is tr.t cplvnaorel floor’ 
uj srrefrr. fron ^^onror> Louisian^:. 


( T 1 vn r ch 1 r- 71 ) . v i ss i ss i rpi 

bouxit-f’ by tl'.c finger of tl;-. 

floorlplnin. Il-.c Irroe Irkc? in tbo 
inFouacan» r.t of “ho Cijfichit/ hiv«-;r 


i 
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riG'JT'F /I' 


c* n TOM 


v'-V-r. i:.'fuc i"' ’-ry M7?) oC r-!:[;rnxi!nr:tc-ly liCi.io its in ii.iccv 

l>ls” cf'Iors rssigncH by pixel C^l FIpcKs rpii blues 

ri;t-r_s»‘nt nacj'-tivc vclues cratUnrj to tens for higher C'l v;»lu^;s. 
nc‘tt'»rec! clouris c-r" seen .’S v.hitc pixels. 


' ffrt. 
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FIGURE ? - LEGRMC 
.VAJOP GEOGR.AFHIC rB?.TUiRE:' 


(SC^^•.LJ^’EE 7P5-7.15 ) 


LTP, 

FFA.TIJRE(5) 

SCAVLiyES 

WrpjT 




mvGITUDE 

A 

Caddo Lake, Louisiana and 
Fast Texas 

77p_7'^e 

94. j -97. 9 

B 

Cross Lake, •Louisiana 

74 (T 

0*3 0—Q*5 n 

c 

Red River, Arkansas and Louisiana 
N’dte v;estern levees with standing 
backwater especially prominent at 
scenlines 7C5-775 

79B-77B 

D -3 o_o ‘3 ;; 


Lake Erling, Arkansas 
[Murray Lake, Louisiana 
Bayou Fodcau Reservior and 
Floodplain 

These three water storage areas 
coraprise a unified water shed. 

795-700 

7CR 

775-750 

C.T 7 -Ql T 

93!5-f'3.4 
C.1 t;_oa 7 

E 

Upper Lake Eistineau, Louisiana 

74C-775 

93.3 

F 

Lake Claiborno, Louisiana 

755-750 

■ 97. 8-0 3. f' 

G 

Corney Lake, Louisiana 

7^5 

92.7 

H 

Eayou D'A.rbonne and Lake 

7R5-755 

92. '^-92. 4 

I 

Dayou D'Arbonna Floodway 

750 

92.5-92.2 

J 

Grand ''•■arais (known locally 
as, the Gran ^al Gv/amip) - 
Junction of Ouachita and Saline 
Rivers. This Ouachita River 
floodway forms a large lake for 
?.-R months during major flood 
yea rs . 

795-745 

92.3-91.9 

J 

Ouachita River main course below 
Sterlington, Louisiana. 

745-735 

92.1-91.9 

J 

Backwater flooding and levees 
prominent on both scanlines. 

745-735 

92*31-92.: 
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Poline tdver [Tier to junction 
v/ith Quachitn River 

■7PB-71K’ 

.♦ • > ;<•* i • J 

L 

Pastrop Fddcjc and east bank 
It'veos of Cuachita River 

7cp_735 

c 


Fa. you DaSiard 

■7g5_-r/ip, 

91.9-91, <; 

M 

Payou L'artiiolo:new, Little 
Bayou Roeuf, and Bayou Lr-Fourche 

795-7R!5 

R1.7-91.a 

o 

Doeuf River 

7?5 

5a. 5-9 1.1 

P 

r-'i.-^con Ridge 

775-735 

91 .^-51.1 

0 

Bayou yacon . 

795-735 

91.1-99.9 

R 

West bank levees of Mississippi 
River 

755-735 

9 9. 9-9 R. 5 

s 

Main channel of Mississippi 

795-735 

5K.P-9f'.5 

T 

East bank levees of Mississippi 
River 

755—735 


U 

High loess bluffs delimiting 
eastern edge of B'lississippi 
River floodplain 

795-725 

99.4-99.9 
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y lu'it.c(it't) l.ox. 


/'rtr^^s riei-ictcd in r irjuri: 






ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 
nc'cr 5 


of I iijur’=? \ sLovir^ ntrjor ! ic rt.rtr! !-? in 

imf^ery. ^ississipr'i fl'xv •{-!.-> in, rvr-rc^in<: miles in v.if’th it: 

lie hror'’ nerf.;, -south blue' striiy t‘-.f '.'rGr.. T.u course;, of t-.h^ .■rlT’nnrs, 
c»', f>ry' r-ii?chit.'i Pivers r.nc’ the Gr?n i*al arn clearly e’eCin'-f’. Tt o 

iiL Vrf.vy strii us soutJ'i of ^hc• /‘rk''.rBfS rivt r . n. th;- forbi-recirG slot.'.;; of 
he verioLs riouriteir: of tir-* Curchitr ''^.o^yncl i r.i in ''•-rtr^^l ,*rkriisrs 

rif Krst-.-rr. f^'klrlotw" . /'ll vo^/ imrors [.ictunxl in this stuc-y ;,or ? cjl.er*. v.itit 
■’r,-"!.; cener"' in front of a CRT. 





ORIGINAL PAGE l& 
OF POOR QUALITY 


G'^'T's oi! '.wrtef rnd clouds rre char. '^c tori stickily nc< 3 ative- vlicn tho c-ntirc 
pixel is in u-ater or cloud. In cases uliere tl ;2 pixel area is mixed water and 
'■’cartr.tion, tl\e C'-"f hrs ? depressed value. A table of proliminary G-'T 
clc.ssif icaticps lar.sed upon limited data is presented in Table 

‘Tne .1 kiloitieter resolution of tlie NOAA-n limits the size of the- target tti£t 
can be identified, aiall lakes of about one mile in dirmeter cm be detect'ed 
by a ne;gativs spike on the graph caused by a mixed pixel. An oxajnple of i thjis 
is found on the graph of scan line 7'%5. A loiv CMI (h.Al) is found at !?2‘^ 

42 . yiiis pixel is found to be that of Lake Corney in x'orthern 
Louisiana. At 9?. 59'-*' on scan line 755 we find very low GVI is an area that 
has CMI values of '^-7. This position coincides vlth tl'.at of LcJke Claiborne. 
In both of these cases, the spikes on tiie graphs were very pronounced, but 
(Id not have a negative va-lue. This is because the lakes v,ere not of 
sufficient size to generate a pure water return. 

The graphs of G'^l in the area of the A'ississippi River indicates many mixed, 
depressed values, and pure v/ater returns with negative values. It v/as 
inicially exjxicted that the flooded area, would be all negative. In previous 
^'OAA.-'^ sca.nline runs. Gall's over large, uninterrupted b(x;ies of water such as 
TiliO Gulf of kexico vlll give all negative values. 

The mixed pixels frcin the flooded areas vVere determined to be in an area 
where the vegetation was above the surface v;ater height, such e-s mixed 
cypress-oak bottans. In addition, tliis area is populatec'' by a dense 
concentration of Peleo-lndian mounds and old natural levees. 


Thirteen scanlines spaced 5 km apart v/ere plotted from the 1 Pay 1979 dO,»vA-n 
image and then analyzed for GMI detenninatidn (Table 7). These lines include 
an area from bississippi to Texas (Figure 3) . Ve concentrated our 
inv(-"Stigation on the areas in northeastern Louisiana a^nd southeast Arkansas. 

The main geographic features from east to west are the Mississippi River; 
Macon Ridge; a low area of ci'op land between tkifi Eocuf River a.nci Bayou 
Larthelanew; the Ouachita River valley including the Gran M.al swamp; and tv;o 
flooded bayous - Bayou de Loutro and Fayou n'Arbonne - dissecting tiic hills . 
of Morth-Central Louisiana. 


The contoured anal^.^is of the Gmt's clearly depicts these features wh(?n 
compared to the .1973 U^ndsat pictures and regional topographic maps. Several 
GMT anomalies are apparent and require xeplanation. First is the lov/ crop 
land between the Eoeuf River and Eayou Bartholomevv. This area has few 
negative values of the GMI. Fsovvever, the flood area just west of the Eoeuf 
River is w<?ll defined. IBayou Bartholcmew' does not stand out on the C^i's as 
it does in tlie 1973 Landsat image. Even on the Landsat image it does not 
appear to cover a very wide area. This bayou is narrow and very winding. 

This results in only mixed returns on t!ie GMI grraph, and shows up only as 
lov;er values of the CMI. * 
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T!ie rriojnr differonca noted ibc:tv;sen the ]?"'? L=Hnds?t iinrcjr ?'pd ] ^"7% 
rv I or?phs is the size of tbc- Gran val Stamp at tlie confluence of the 
^Uf chits- ?nc Saline Riv'ers. Cn the 1P71' GR!T contours the sv;ainp are-a is 
apparently much reduced as indicated by the limited distribution of 
negative values. Hov/wer ,-*thc Ivsic fc«';ture snajjo is v.-c-ll definoc by tlic 
lower CMT values that would he expected for a body of v,-ater mixed v.itij 
trees anc' duckweed. ^ ground survey of this area in the spring of .If-n 

and during the 15791 flood confinaed that this area -is characterized by 
cypress-oak bottoms and tiiick duc:k\a-?ed concontretions in the iv-ckv^at.-;;r . 
Duckweed is fairly conirion in slow-moving and standing waters in che 
mid-Doutli (see Figures 'a and 7b) . 

The overall graph of the M-OA^-n^GMI contours- when comrared to the Landsat 
image is very similar, /^n estimate of tile arc-a v;ithin each GMI class can 
be generated by a digital plotter. Such equip^nent support !,as not been 
available to us either directly or indirectly. 



ORIGINAL* PAGE 

BLACK AND WHITE PHOTOGRAPH 


cLirtir p]c'.nt, '.vint 
rr.c . 


FTITE' r'uckv.oef’ lx:in<j cr- t rity] by currrnt in blrc!- bryou. susi-oct th:. 

; r.:[-onc i.rr.rice of -his nlr r.b in vvrh.'rs of '*•. lor st: ‘'outhorn ,‘rhrns'E .^r. 
Vorbh louisirHf n«y tv.- the oxFlrnf tior. ofr ir. ;x{:c.ctc<’ly !uqh O-T va lues 
over T "r.T'-s in t!.“ •'■■'v ’C~r ij.irq'. . 
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nnscf! upon rngionc'.T observations one nlbselo characteristics of various 
surfaces, die fo] lovving preliminary table of G’'’I class if''cntif ications is 
p repo seel; 


T.ABLB - 

Pi;OPOnED CMT CL;;SS inEMTIFICfTIOWF^" 


GMI 

Values Type Surface Observed 


-7. to Large uninterrupted cloud masses. 

-r to -7. Coastal v.sters, large lakes, large areas flooded by deeper 

water, large rivers. 


+1 to -1 Shallov; and turbid v.'at'Sr bodies vvlth no floating 

vegetation; large highv;ays and railroads; very light 
bare or ploued soils. 


1 to ^ 

(For s\.arapy 
a roes and 
floodplains) 


Large areas of standing water; water w'ith aquatic 
vegetation (cypress, duckweed, otc.); dormant and 
anergent sparse vegetation; sv^ainp-'y areas thick v/ith 
Spanish moss. 


A to S Early emergent agricultural fields vegetation, 

n to 12 Coniferous forest. 


12 to 2C 


Mature agricultural areas; dense healtliy crops standing; 
thick healthy deciduous forests in full lead. 


It should be ci'tiphasised that our data sample is stnall and biased on 
data fran U.S. Southv;est, mid-South, and Southeast. A time bias of 
observations during the March-October period is also present. 
Nevertheless, we feel that this unrefine-d classification will assist 
users in discriminating surface returns and may lead to a more 
confident systemization of Gf4l's in the future. 


23 




ORIGINAL PAGE IS 
OF POOR QUALITY 

CONCLUSIONS ON STUDY PURPOSE 


Gur tei-m view is t-Jiat the non-meteorolog ical appl icat ions of the nOAA 
Sctollite femilies have been underemphesizecl end litttle investigate-Jj by 
the remote sensing comnunity. This negative bias is understandable in 
tiie desire to obtain the maximun image linear resolution, narrow sensor 
viev/ing spectra, and precision image registration that has becane the 
^ habit of E^ndsat users. In the refdity of ailing Lc'ndssts in orbit, the 

possibility of an inter^regnm in future La-ndsat 'OSS continuity, 
increasing user pressures for tighter temporal target imaging, and 
I uncertain future Landsat funding levels and timing, this luxury of 

1“ higfi-quality Landsat imagery may no longer be avail she as in the past. 

j Tiierefore, as an alternative - a complanent - to Landsat, we invite 

j- furtlier canparative studies, of Landsat to NCM imagery, and digital 

; manipulation of NOAA imagery as a stand-alone for' detecting 

fast-occurring and swiftly-changing environmental phenomena. | 

I This study sliows tliat ^fOM-n imagery provides detailed nonnoetcorological \ 

i scene information. Certainly the level of NOAA-n imagery detail is not 1 

that of a Landsat image. Nevertheless, for operational environmental 1 

; monitoring users, the NOAA-n imagery may provide acceptable linear 

I resolution and spectral isolation. 

j Ttie possible criticism tliat this study contrasts tvvo satellites' images 

from two different years is a two-edged sword - prima facie valid, but 
j ignoring our purpose of stretching NOA?-n image infonnation. 

I Special future attention should be given to denial or refinement of the 

i proposed GMI class infonnation definitions; to geometric understanding of 

I image edges; to the effects of atmospheric attenuation; to attaining the 

I maximun timeliness in product delivery using smooth software processing 

I techniques; to interactive digital image manipulation; and to similar 

; applications of GOES imagery. 

I 'va find no philosophical or teciinical conflicts in users utilizing both 

satellites' images: the NOAA-n for temporal continuity and "quick and 
I dirty" reconnaisance; and, the Landsats for detailed, precision mapping 

of control and special interest areas. 

Did we suceed in its narrov/ study purpose? Ke invite you - the potential 
user and professional critic - to review again for your discerning eye 
the Landsat and NOAA images (figures ?a arid 2b - approximately same 
scale, 1:250, flf-G) and the GMI values of the NOAA-'^ scanlines (Figure 3). 
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Rofcrfinces anc’ Motes 


Robinove, C.J. 1575. K-orldv/ide disaster v;arning and assesfanent 
'.vitti Enrtli Resources Tochnology Satellites. U.S. r>:‘pt. of 
Interior Rpt. (IR) NC-^7. 

hlCf'A S-tellite Task Force, l^pn. Planning for a Civil Operational 
Land Remote Sensing Satellite System; A discussion of issues 
and options. U.S. Dept, of Commerce. Ilf. pp. 

Sivetson, R’. E. 1S5T. Monitoring disaster areas via satellites. 

MAF;/'-LRC Rpt. 'ihe weakness of this proposed application 

of active microwave (1-lc GH,) sensors is the requirements for 
emplacement of positional ground reflectors. Sucl. a task might 
be difficult or impossible in areas of restricted access. 


Perliaps th;e best current review of atmospheric applications of 
meteorological satellites are the three volunes below. 

Although written primarily for DMSP users, the applications and 
techniques should be familiar to NOAA.-n users. The CM5P and 
MCAA-n sensors and buses are similar, 

Fett, R.'/. 1977-1981. 

Mavy Tactical Applications Guide: et al (^): 

Vol. I (1977) Techniques and A-pplications of 

Image Analysis. Supplements. 

Vol. II (1975) Environmental Phenctnena and Effects. 

Supplements. 

Vol. Ill (1981) iVorth Atlantic and Mediterranean 

Weather Analysis-Meteorological 
Satellite Systems. 

Mational Environmental Predicton Research Facility, Monterey, 
California. 


Wiesnet, D.R. ; McGinnis, D.F.; Pritchard, J.A, 197^. flapping of 
the 1973 Mississippi River Floods by the MOAA-2 Satellite. 
Proc, 9th Intntl Symp. on Remote Sensing of Unvirormcnt, 
821-527. 


Rohde, U.G.; Taranik, J.V.; Nelson, C.A. 1978. Inventory end 
Mapping of Flood Inundation using Interactive Digital Image 
Analysis Techniques. Proc, 2nd Pecora Mem. Symp, 131-143. 

Allison, L.J; Scfmugge, T.J* 1579. A liydrological analysis of East 
Australian floods using Nimbus-5 electrically scanning 
radiometer data. Bull, American Met. Soc, 80 (12): 1414-1427. 
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[/iunches of NO''A-C(7) through ‘^) J're scheduled through 

Ec-ptember 19"7, from the Western Test Range facility at 
Vandenberg AFB, CA. Later satellites in the family may be 
Ehuttle-launched. Current launches are via the Atlas/PAw-D 
vehicle. ARGQE N^'wsletter, Centre Spatial e do Ibulouse, Jan. 
19D1^ p.^. 

9.’ Details of the NCAA-' and 7 (f'iziy 5, 1991, launch) satellites, 

orbital parcvr\eters, sensor characteristics, data formats and 
flo;,s may be found in the resjsective users' guides; 

a. NOAA-S; MOAA Polar Orhiter Data, Users Guide, Preliminary 
Version, NESS, December 1979. 

b. N0A,A-7: To be. issued by NESS. 


If.. The evolution of the Gray-iMcCrary Index (G.mT) applicable to both the 
GAC and LAC imagery of the NOAA-n series can be traced to their 
remote monitoring of the developmtint of the 19SP drought in 
south Texas. 

I 

Gray, T.I. and D.G. McCrary. ISSl. Meteorological Satellite 
Data. A tool to describe the health of the v.orld's 
agriculture. AgRISTARS Ppt EK-Nl-r/'9^2, 12 pp. 

Gray, T.I. and D.G. McCrary. 19R1. The Environmental 
Vegetative Index - A. tool potentially useful for arid land 
mainagenent. Preprint, 15th Conference on Agriculture and 
Forest Meteorology, A pp. 

The GMI has been adopted for daily operational use by the Crop 
Condition Assessment Division of the Foreign Agricultural Service of 
the USDA. 


11. Pt?!rhaps the best review of Landsat-type imagery applications is 

contained in the Skylab reports: Skylab EREP Investigations Sunmary, 
MASA-n.ISC, SP399, 1979. 


12. See; Muller, R.A. 197G. 

Comparative Climatic Analysis of Lower Mississippi River 
Flocds; 1927, 1973 and 1975. 

Water Resources Bulletin, 12 (o); ll^l-115v';. U.S. Army Crops 
of Engineers. The Flood of 1973. Mississippi River 
Conun iss ion, Vicksburg, MS. pp. 


NASA-JSC 
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